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Abstract
Light neutralino dark matter can be achieved in the Minimal Supersymmetric Stan-
dard Model if staus are rather light, with mass around 100 GeV. We perform a detailed
analysis of the relevant supersymmetric parameter space, including also the possibility
of light selectons and smuons, and of light higgsino- or wino-like charginos. In addition
to the latest limits from direct and indirect detection of dark matter, ATLAS and CMS
constraints on electroweak-inos and on sleptons are taken into account using a “simplified
models” framework. Measurements of the properties of the Higgs boson at 125 GeV, which
constrain amongst others the invisible decay of the Higgs boson into a pair of neutralinos,
are also implemented in the analysis. We show that viable neutralino dark matter can be
achieved for masses as low as 15 GeV. In this case, light charginos close to the LEP bound
are required in addition to light right-chiral staus. Significant deviations are observed in
the couplings of the 125 GeV Higgs boson. These constitute a promising way to probe
the light neutralino dark matter scenario in the next run of the LHC.
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1 Introduction
The discovery of a new particle [1–3] with properties compatible with those of a Standard
Model (SM) Higgs boson has strong implications for physics beyond the SM. In particular,
the upper limit on the branching fraction of the Higgs into invisible and/or undetected decay
modes obtained from global fits to the Higgs couplings [4–7] is a powerful probe of models
with a light dark matter candidate. Such dark matter candidates are motivated by hints of
signals in direct detection experiments found by CoGeNT [8, 9], DAMA [10], CDMS [11] and
CRESST [12], although the interpretation of these results in terms of dark matter is challenged
by negative results obtained by XENON [13–15]. Hints of order 10 GeV dark matter might
also be present in indirect dark matter searches, as discussed in, e.g., [16–18]. More generally,
light dark matter candidates are allowed in many of the popular extensions of the SM and it is
therefore interesting to explore this possibility irrespective of the direct detection results.
In the Minimal Supersymmetric Standard Model, MSSM, several studies have shown that
light neutralino dark matter with mass of order 10 GeV can be compatible with collider data, in
particular those from LEP, provided one allows for non-universality in gaugino masses [19–23].
Furthermore such light neutralinos can satisfy the recent constraints from B-physics observables,
the muon anomalous magnetic moment, direct and indirect dark matter detection limits, as
well as LHC limits, see [24–35].
The connection between the invisible decays of the Higgs into a pair of neutralinos and
the dark matter was explored before the discovery of the new boson, in the MSSM with non-
universal gaugino masses as well as in the general MSSM (see for example [36, 37]). The
current precision determination of the relic density [38] and the possible constraints on the
branching fraction of the Higgs into invisibles make further investigations of this connection very
interesting. The precise determination of the relic density puts particularly strong constraints
on the light dark matter. Indeed, the mostly bino-like lightest supersymmetric particle (LSP)
that is found in the MSSM typically requires some mechanism to enhance its annihilation
in order not to overclose the Universe. Possible mechanisms include s-channel Z or Higgs
exchange, or t-channel slepton exchange (co-annihilation with sleptons is very much limited by
slepton mass bounds from LEP). For the Higgs exchange to be efficient, one has to be close
to the (very narrow) h0 resonance, i.e. mχ˜01 ' mh0/2 ' 63 GeV. The Z exchange is efficient
for lighter neutralinos, but requires a non-negligible higgsino component. Hence χ˜02 and χ˜
±
1
cannot be too heavy. For t-channel slepton exchange, the sleptons must be light, close to the
LEP mass bound. The light neutralino scenario can therefore be further probed by searching
directly for electroweak-inos and/or sleptons at the LHC [32,39].
In this Letter, we explore the parameter space of the MSSM, searching for scenarios with
light neutralinos that are consistent with all relevant collider and dark matter constraints. We
extend on previous studies in two main directions: firstly, we take into account the current LHC
limits on sleptons and electroweak-inos in an SMS (Simplified Models Spectra) approach [40].
Secondly, following [4,7], we include the fit to the properties of the observed 125–126 GeV Higgs
boson in all production/decay channels, and we consider implications of the light neutralino
dark matter scenario for this Higgs signal. These constraints were not taken into account in two
recent studies [32, 33]. Another recent paper [34] takes into account the most recent ATLAS
limits from the di-tau plus EmissT searches [41], but does not discuss implications for the Higgs
1
signal.
The setup of the numerical analysis is described in Section 2. In Section 3, we discuss the
various experimental constraints that are included in the analysis. Our results are presented in
Section 4 and conclusions are given in Section 5.
2 Setup of the numerical analysis
The model that we use throughout this study is the so-called phenomenological MSSM
(pMSSM) with parameters defined at the weak scale. The 19 free parameters of the pMSSM
are the gaugino masses M1, M2, M3, the higgsino parameter µ, the pseudoscalar mass MA, the
ratio of Higgs vev’s, tan β = v2/v1, the sfermion soft masses MQi ,MUi ,MDi ,MLi ,MRi (i = 1, 3
assuming degeneracy for the first two generations), and the trilinear couplings At,b,τ . In order to
reduce the number of parameters to scan over, we fix a subset that is not directly relevant to our
analysis to the following values: M3 = 1 TeV, MQ3 = 750 GeV, MUi = MDi = MQ1 = 2 TeV,
and Ab = 0. This means that we take heavy squarks (except for stops and sbottoms) and a
moderately heavy gluino. All the strongly interacting SUSY particles are thus above current
LHC limits. The parameters of interest are tan β and MA0 in the Higgs sector, the gaugino and
higgsino mass parameters M1, M2 and µ, the stop trilinear coupling At, the stau parameters
(ML3 ,MR3 , Aτ ), and the slepton mass parameters (ML1 ,MR1). We allow these parameters to
vary within the ranges shown in Table 1.1 The only free parameter in the squark sector, At,
is tuned in order to match the mass of the lightest Higgs boson, h0, with the newly observed
state at the LHC.
tan β [5, 50] ML3 [70, 500]
MA0 [100, 1000] MR3 [70, 500]
M1 [10, 70] Aτ [−1000, 1000]
M2 [100, 1000] ML1 [100, 500]
µ [100, 1000] MR1 [100, 500]
Table 1: Scan ranges of free parameters. All masses are in GeV.
We have explored this parameter space by means of various flat random scans, some of
them optimized to probe efficiently regions of interest. More precisely, two of our “focused”
scans probe scenarios with light left-handed or light right-handed staus by fixing one of the
stau soft mass to 500 GeV and varying the other in the [70, 150] GeV range. These two scans
are subdivided according to the masses of the selectrons and smuons, by taking either fixed
ML1 = MR1 = 500 GeV or varying ML1 or MR1 within [100, 200] GeV. Another scan has
been performed in order to probe scenarios with large stau mixing and light selectrons and
smuons. In this case, ML3 and MR3 are varied within [200, 300] GeV and MR1 is tuned so that
me˜R ∈ [100, 200] GeV.
1While the resulting pattern of heavy squarks and light sleptons is not the only possible choice, it seems well
motivated from GUT-inspired models in which squarks typically turn out heavier than sleptons due to RGE
running. Moreover, current LHC results indicate that squarks cannot be light. For a counter-example with
light sbottoms, see Ref. [35].
2
LEP limits mχ˜±1 > 100 GeV
mτ˜1 > 84− 88 GeV (depending on mχ˜01)
σ(e+e− → χ˜02,3χ˜01 → Z(∗)(→ qq¯)χ˜01) . 0.05 pb
invisible Z decay ΓZ→χ˜01χ˜01 < 3 MeV
µ magnetic moment ∆aµ < 4.5× 10−9
flavor constraints BR(b→ sγ) ∈ [3.03, 4.07]× 10−4
BR(Bs → µ+µ−) ∈ [1.5, 4.3]× 10−9
Higgs mass mh0 ∈ [122.5, 128.5] GeV
A0, H0 → τ+τ− CMS results for L = 17 fb−1, mmaxh scenario
Higgs couplings ATLAS, CMS and Tevatron global fit, see text
relic density Ωh2 < 0.131 or Ωh2 ∈ [0.107, 0.131]
direct detection XENON100 upper limit
indirect detection Fermi-LAT bound on gamma rays from dSphs
pp→ χ˜02χ˜±1 Simplified Models Spectra approach, see text
pp→ ˜`+ ˜`−
Table 2: Experimental constraints implemented in the analysis. For details, see text.
In the following, we present the results for the combination of all our scans. The density of
points has no particular meaning, as it is impacted by the arbitrary choice of regions of inter-
est. The computation of all the observables has been performed within micrOMEGAs 3.1 [42].
SuSpect 2.41 [43] has been used for the computation of the masses and mixing matrices for
Higgs particles and superpartners, while branching ratios for the decays of SUSY particles have
been computed with CalcHEP [44].
3 Experimental constraints
The various experimental constraints that we use in the analysis are listed in Table 2. A
number of “basic constraints” are imposed for a first selection. They include the LEP results for
the direct searches for charginos and staus2 [45] and for invisible decays of the Z boson [46], in
addition to the OPAL limit on e+e− → χ˜02,3χ˜01 → Z(∗)(→ qq¯)χ˜01 [47]. The anomalous magnetic
moment of the muon is also required not to exceed the bound set by the E821 experiment [48,49],
and the flavor constraints coming from b → sγ [50, 51] and from Bs → µ+µ− [52] are taken
into account. Finally, the “basic constraints” also require the lightest Higgs boson, h0, to be
within 3 GeV of the best fit mass from ATLAS [53] and CMS [54]. This range is completely
dominated by the estimated theoretical uncertainties on the Higgs mass in the MSSM.
In addition to the set of basic constraints, limits from searches for Higgs bosons at the LHC
2Note that selectrons and smuons are safely above the LEP bound [45] since ML1 > 100 GeV and MR1 >
100 GeV.
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are taken into account. The heavier neutral Higgses, A0 and H0, are constrained by dedicated
searches in the τ+τ− channel. For these, we use the most recent limits from CMS [55], given in
the (MA0 , tan β) plane in the m
max
h scenario, which provides a conservative lower bound in the
MSSM [56].3 The couplings of the observed Higgs boson at around 125.5 GeV, identified with
h0, are constrained following the procedure of Ref. [7], i.e. making use of the information given in
the 2D plane (µggF+ttH, µVBF+VH) for each final state provided by the LHC experiments.
4 These
“signal strengths ellipses” combine ATLAS and CMS results (plus results from Tevatron) for
the four effective final states that are relevant to the MSSM: γγ, V V = WW +ZZ, bb¯, and ττ .
All the experimental results up to the LHCP 2013 conference [7] are included in the present
analysis. The signal strengths are computed from a set of reduced couplings (CV , Ct, Cb, Cτ , Cg
and Cγ) that are computed with leading order analytic formulas, except for the couplings of
the Higgs to b quarks, where loop corrections are included through ∆mb [58]. A given point in
parameter space is considered as excluded if one of these four 2D signals strengths falls outside
the 95% confidence level (CL) experimental region.
Regarding dark matter limits, the following constraints are applied: direct detection with
the spin-independent limit from XENON100 [13] and relic density from the combined mea-
surement released by Planck in Ref. [38]. The calculation spin-independent scattering cross
section depends on nuclear parameters; we use mu/md = 0.553, ms/md = 18.9, σpiN =
44 MeV and σs = 21 MeV. For the relic density, multiple ranges are given in [38]; we use
the “Planck+WP+BAO+highL” best fit value of Ωh2 = 0.1189 assuming a theory dominated
uncertainty of 10% in order to account for unknown higher-order effects to the annihilation
cross section. We will thus use Ωh2 < 0.131 as an upper bound or 0.107 < Ωh2 < 0.131 as an
exact range. We also consider indirect detection limits from dwarf spheroidal satellite galaxies
(dSphs) released by Fermi-LAT based on measurements of the photon flux [59]; however, given
that astrophysical uncertainties are still large and that current results do not strongly constrain
scenarios of interest, we do not apply them to exclude parameter points but show the values of
σv separately.
3.1 LHC limits on sleptons, charginos and neutralinos
Based on the latest data at
√
s = 8 TeV, the ATLAS and CMS experiments have performed
a number of searches for sleptons and electroweak-inos in final states with leptons and missing
transverse energy, EmissT . These have resulted in a significant improvement over the LEP limits
and therefore need to be taken into account. Direct slepton production has been considered
by ATLAS [60] and CMS [61] in the `+`− + EmissT channel;
5 here only limits on selectrons
and smuons are currently available. Electroweak-ino production is usually dominated by the
pp→ χ˜02χ˜±1 process, which is searched for by ATLAS [63] and CMS [61] in the trilepton + EmissT
channel. The χ˜02 can decay either through an on-shell or off-shell Z or a slepton, while the χ˜
±
1
can decay through an on-shell or off-shell W± or a slepton.
The results of these searches are often interpreted by the experimental collaborations in the
3This is particularly the case in our study because our preferred very light neutralino scenarios have a small
value for µ of order 200 GeV.
4The use of 2D signal strengths has first been introduced in Ref. [57].
5Ref. [61] has been very recently updated with full luminosity at 8 TeV [62]. This update has not been
included in the present study.
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form of 95% CL upper limits on the cross sections times branching ratios, σ × BR, for various
SMS topologies (for a concise overview, see [64, 65]), and it is this SMS approach that we use
to implement LHC constraints in our analysis. A typical example is pp → χ˜02χ˜±1 followed by
χ˜02 → Z(∗)χ˜01 and χ˜±1 → W (∗)χ˜01 with 100% branching fraction. In this case, 95% CL upper
limits on σ × BR are given in the (mχ˜01 ,mχ˜02 = mχ˜±1 ) plane.
Each scan point in the MSSM parameter space, which survives the basic constraints as well
as the Higgs and dark matter constraints discussed above, is decomposed into its relevant SMS
topologies (including the correct branching ratios) and compared against the limits given by the
experiments using the SModelS technology, which will be described elsewhere [40]. A point is
considered as excluded if one of the predicted σ×BR exceeds the experimental upper limit, and
allowed otherwise. This approach is conservative as it considers separately the signals coming
from different SUSY particles that lead to the same final state.
In the present analysis, the SMS results used are: i) ˜`±L ˜`
∓
L → `±χ˜01`∓χ˜01 and ˜`±R ˜`∓R → `±χ˜01`∓χ˜01
from both ATLAS [60] and CMS [61], ii) χ˜02χ˜
±
1 → Z(∗)χ˜01W (∗)χ˜01 again from ATLAS [63] and
CMS [61], and iii) χ˜02χ˜
±
1 → ˜`±Rν ˜`±R`∓ → `±χ˜01ν`±χ˜01`∓ from CMS [61], where ˜`R can be a
selectron, a smuon or a stau. Note that the SMS limits given by the experimental collaborations
in terms of χ˜02χ˜
±
1 production apply for any χ˜
0
i χ˜
±
j (i = 2, 3, 4; j = 1, 2) combination. Some more
remarks are in order. First, for SMS results involving more than two different SUSY particles,
assumptions are made on their masses (e.g. degeneracy of χ˜±1 and χ˜
0
2 or specific relations between
the masses in cascade decays) that are not always realized in the parameter space we consider.
We allow up to 20% deviation from this assumption in the analysis. Second, the results for
electroweak-ino production with decay through intermediate sleptons depend on the fractions
of selectrons, smuons and staus in the cascade decay. When chargino/neutralino decays into
staus as well as into selectrons/smuons are relevant, we use the results for the “democratic”
case from [61] if the branching ratios into the three flavors are nearly equal (within 20%), and
those for the “τ -enriched” case otherwise.6 Moreover, the results are provided by CMS for
three specific values of x = ml˜/(mχ˜01 + mχ˜02) = 0.05, 0.5, 0.95; we use a quadratic interpolation
to obtain a limit for other x values. However, many of the scenarios we consider have light staus
and heavy selectrons and smuons, for which the “τ -dominated” case applies. Unfortunately,
this has been provided by CMS only for x = 0.5, corresponding to mτ˜R = (mχ˜01 + mχ˜02)/2.
To get a limit for different mass ratios, we assume that the x dependence is the same as in
the τ -enriched case; we estimate that the associated uncertainty is about a factor of 2, and
we will flag the points affected by this uncertainty in the presentation of the results. Note
that, unfortunately, we cannot use the ATLAS 2τ ’s + EmissT analysis [41] in this approach, as it
interprets the results only as left-handed staus and only for mτ˜L = (mχ˜01 +mχ˜02)/2. Parameter
points with left-handed staus which are likely to be constrained by this analysis (i.e., points
satisfying mχ˜±1 < 350 GeV and BR(χ˜
±
1 → ν˜τ + τ) > 0.3) will also be flagged.
Finally, direct production of neutralino LSP’s can only be probed through mono-photon
and/or mono-jet events. Limits from ATLAS and CMS have been given in [66, 67] and inter-
preted as limits on spin-independent interactions of dark matter with nucleons. We do not take
into account these limits since they can only be reliably interpreted in models where heavy
mediators are responsible for the neutralino interactions with quarks. This is not the case in
6We also apply the democratic case if decays into selectrons/smuons are more important then those into
staus, but this hardly ever occurs for the scenarios of interest.
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the MSSM where the Higgs gives the dominant contribution to the neutralino interactions with
nucleons.
4 Results
Let us now present the results of our analysis. Figure 1 shows the effect of the dark matter
constraints. Here, the cyan points are all those which fulfill the “basic constraints” and also
pass the limit on A0, H0 → τ+τ− from CMS [55]; blue points are in addition compatible
at 95% CL with all Higgs signal strength measurements, based on the global fit of [7]; red
(orange) points obey moreover the relic density constraint Ωh2 < 0.131 (0.107 < Ωh2 < 0.131)
and abide the direct detection limits from XENON100 on σSI [13].
7 These red/orange points
also pass the LHC limits on charginos, neutralinos and sleptons; the set of points which fulfill
all constraints including those from dark matter but are excluded by LHC searches are shown
in grey (underlying the red/orange points). We notice that typically the LHC limits reduce the
density of points but do not restrict any further the range of masses that were allowed by the
other constraints.
The upper bound on the relic density imposes a lower limit on the neutralino mass of
approximately 15 GeV while the direct detection constraint does not modify the lower limit
as will be discussed below. Moreover, the relic density constrains the parameter space and the
sparticles properties especially for neutralinos with mass below ≈ 30 GeV. These are associated
with light staus and light charginos as illustrated in Fig. 2. The light staus are mostly right-
handed to ensure efficient annihilation since the coupling of the bino LSP is proportional to
the hypercharge which is largest for τ˜R. Furthermore, annihilation through stau exchange is
not as efficient if staus are mixed since there is a destructive interference between the L–R
contributions. The light charginos are mostly higgsino since a small value for µ is required to
have an additional contribution from Z and/or Higgs exchange, both dependent on the LSP
higgsino fraction.
For neutralinos with masses above ≈ 30 GeV, the contribution of light selectrons/smuons
in addition to that of the stau can bring the relic density in the Planck range, in this case it
is not necessary to have a light chargino. These points correspond to the scatter points with
heavy charginos in Fig. 2 (right panel). Finally, as the LSP mass approaches mZ/2 or mh/2
the higgsino fraction can be small because of the resonance enhancement in LSP annihilation—
hence the chargino can be heavy. Moreover, for mχ˜01 & 35 GeV the stau contribution to the LSP
annihilation is not needed, so mτ˜1 can be large. Figure 3 summarizes the allowed parameter
space in the mχ˜±1 versus mτ˜1 plane (left) as well as in the M2 versus µ plane (right) for different
ranges of LSP masses. The M2 versus µ plot illustrates the fact that when the LSP is light,
µ is small, hence χ˜+1 and χ˜
0
2 are dominantly higgsino as discussed above. In this plot also
the points for which our implementation of LHC constraints in the SMS approach has some
significant uncertainty (from our extrapolation for the τ -dominated case from [61] or because
the ATLAS di-tau + EmissT analysis [41] is sensitive to this region in parameter space) become
clearly visible. These points are flagged as triangles in a lighter color shade. For mχ˜01 < 35 GeV
they concentrate in the region M2, µ . 320 GeV (although a few such points have larger µ).
7To account for the lower local density when the neutralino relic density is below the measured range, the
predicted σSI is rescaled by a factor ξ = Ωh
2/0.1189.
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Figure 1: Relic density Ωh2 (left) and rescaled spin independent scattering cross section ξσSI
(right) as function of the LSP mass, with ξ = Ωh2/0.1189. Cyan points fulfill the “basic
constraints” and also pass the limit on A0, H0 → τ+τ− from CMS; blue points are in addition
compatible at 95% CL with all Higgs signal strengths based on the global fit of [7]. Finally, red
(orange) points obey also the relic density constraint Ωh2 < 0.131 (0.107 < Ωh2 < 0.131) and
abide the direct detection limits from XENON100 on σSI.
Figure 2: Lighter stau mass (left) and chargino mass (right) versus mχ˜01 ; same color code as in
Fig. 1.
Most of these triangle points actually have a light τ˜L and are thus likely to be excluded by the
ATLAS result [41], see [34]. Note also that the production cross section for higgsinos is low, so
most of the points with low µ and larger M2 are allowed.
Another class of points that is strongly constrained by the LHC is characterized with light
selectrons. The best limit comes from the ATLAS analysis [60]; for LSP masses above 20
GeV, the ATLAS searches are however insensitive to e˜R masses just above the LEP limit, more
precisely in the range me˜R ≈ 100–120 GeV, thus many points with light selectrons are still
7
Figure 3: Points passing all constraints, including Ωh2 < 0.131, XENON100 limits and SMS
limits from the LHC SUSY searches: on the left in the chargino versus stau mass plane, on the
right in the M2 versus µ plane. The yellow, dark green, light green and grey points have χ˜
0
1
masses of 15–25 GeV, 25–35 GeV, 35–50 GeV and 50–60 GeV, respectively. Points which might
be excluded either due to the factor 2 uncertainty in the implementation of the SMS limit for
the τ -dominated case from the CMS analysis [61] or by the ATLAS 2τ ’s + EmissT analysis [41]
are flagged as triangles in a lighter color shade.
allowed. Furthermore, in many cases we have selectrons decaying into νχ˜±1 and/or eχ˜
0
2, thus
avoiding the LHC constraint. All in all we find that for mχ˜01 > 35 GeV the whole selectron
mass range considered in our scans is allowed (i.e. either [100, 200] GeV or around 500 GeV),
while for mχ˜01 < 35 GeV, the ATLAS search imposes me˜R ≈ 100–120 GeV or e˜R being heavy,
with the range me˜R ≈ 120–200 GeV being excluded. (Since we are mostly interested in how low
the χ˜01 can go, we did not attempt to derive the upper end of the exclusion range for selectrons;
note however that the bounds given by ATLAS vary between 230 and 450 GeV depending on
the scenario.)
The cross section for neutralino scattering on nucleons is dominated by the Higgs exchange
diagram hence is driven by the higgsino fraction. For neutralinos below 30 GeV the cross section
is mostly within one order of magnitude of the current XENON100 limit. It can however be
much suppressed when the LSP has a small higgsino fraction. This occurs when the neutralino
mass is near mZ/2 or mh/2 or when the light neutralino is purely bino and accompanied by
light staus and light selectrons/smuons.
The interplay with indirect DM detection is also interesting. Figure 4 shows σv correspond-
ing to DM annihilation in the galaxy in either the bb¯ or ττ channel. The upper limit from
Fermi-LAT indirect searches for photons produced from DM annihilation in dwarf spheroidal
galaxies allows to constrain a small subset of the points with light DM annihilating into ττ .
Some of these points are also in the region probed by Fermi-LAT searches for DM annihilation
in subhalos [18] or from the Galactic Center [16], the latter bounds however depend on the as-
sumed DM profile. However, a large fraction of allowed points corresponding to mχ˜01 > 30 GeV
are several orders of magnitude below the current limits whether their main annihilation chan-
8
Figure 4: Cross sections σv (in cm2s−1) for indirect DM detection in the ττ (left) and bb¯ (right)
channels. The black line shows the 95% CL Fermi-LAT bound. Only points which satisfy the
relic density and direct detection constraints are shown; following the color code of Fig. 1, red
(orange) points have Ωh2 < 0.131 (0.107 < Ωh2 < 0.131).
nel be into ττ or bb¯. (For completeness we note that σv goes down to ≈ 10−34 cm2s−1 in the
ττ channel and down to ≈ 10−31 cm2s−1 in the bb¯ channel.)
We next consider the implications for Higgs signal strengths µ relative to SM expectations in
various channels. There are two features that can lead to modifications of the signal strengths
in our scenario: a light neutralino and a light stau. The presence of a light neutralino can lead
to a sizeable invisible decay width, thus leading to reduced signal strengths in all channels. A
light stau can contribute to the loop-induced hγγ coupling [68]. In particular, heavily mixed
staus can lead to enhanced signal strengths in the di-photon channels, while not affecting the
signal in other decay channels. This is illustrated in Fig. 5 (top panels). Here, the points with
an enhanced µ(gg, γγ) ≡ µ(gg → h → γγ)8 are the ones with light, maximally mixed staus;
these points occur only for mχ˜01 > 25 GeV and their signal strengths in the V V (WW or ZZ)
and bb¯/ττ channels do not differ significantly from 1, as can be seen in the bottom panels of
Fig. 5. To achieve large stau mixing, we need µ & 400 GeV, so χ˜+1 and χ˜02 are heavy in this case.
Moreover, the scenarios with mixed staus require light selectrons/smuons in order to achieve
low enough Ωh2. Therefore these points are mostly constrained by the ATLAS results from
direct slepton searches.
The bulk of the light χ˜01 points however features a reduced µ(gg, γγ) ≈ 0.7−0.9. This occurs
when the stau has only a mild effect on hγγ and the invisible decay is sizeable, see Fig. 6. In
particular, for the very light neutralino sample with mχ˜01 = 15−25 GeV the light τ˜R needed for
DM constraints does not help in increasing the hγγ coupling, hence all these points (in yellow
in Fig. 5) have a reduced signal strength. Note also that for the points with µ(gg, γγ) < 1, also
µ(gg, V V ) is suppressed, see bottom-left panel in Fig. 5. Here, suppression of the gluon-fusion
process by the stop-loop contribution also plays a role on top of the effect from invisible decays
of the Higgs boson. Associated V H production on the other hand is unaffected by this, and
8We use the notation µ(X,Y ) ≡ µ(X → h→ Y ).
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Figure 5: Implications of the light neutralino dark matter scenario for Higgs signal strengths.
Same color code as in Fig. 3.
since the Higgs branching ratio into bb¯ can be enhanced or suppressed µ(V H, bb¯) can be above
or below 1, as can be seen in the bottom-right panel of Fig. 5.
The invisible branching ratio of the Higgs can vary up to ≈ 30% (the maximum allowed
by the global Higgs fit) and is large for a large higgsino fraction of the LSP modulo kinematic
factors, as illustrated in Fig. 6. For this reason, the invisible width can be large for neutralinos
below 35 GeV, leading to suppressed Higgs signals in all channels. Moreover, the points with
µ(gg, γγ) > 1 have a small invisible width since they correspond to mixed staus and a small
higgsino fraction (because large stau mixing requires large µ) as mentioned above. The invisible
width is also suppressed for mχ˜01 ≈ mZ/2 because of the small higgsino fraction as well as near
mh/2 for kinematical reasons. It should be noted, however, that the determination of the
allowed values of the branching ratios of the Higgs into invisible channels do, to some extent,
depend on the way in which theoretical uncertainties on the Higgs cross sections are included
in the analysis [69].
Future experimental results on the various Higgs signals will help constraining MSSM sce-
10
Figure 6: Implications of the light neutralino dark matter scenario for invisible h decays. Same
color code as in Fig. 3.
narios with a light neutralino, as can be expected from the 14 TeV projections of ATLAS [70]
and CMS [71] for L = 300 fb−1. The estimated precision on the signal strengths is of the order
of 10% in several channels of interest, including h → γγ and h → ZZ. As can be seen in
Fig. 5, this will help discriminating between the various scenarios—in particular, the points
with mχ˜01 = 15–25 GeV have µ
max(gg, γγ) ≈ µmax(gg, ZZ) ≈ 0.86. A better determination of
the invisible decays of the Higgs boson should also probe further the remaining parameter space,
both from a global fit to the properties of the Higgs and from direct searches for Higgs decaying
invisibly. In the latter case, the projected upper bound is found to be B(H → invisible) . 0.17
at 95% CL for 100 fb−1 at 14 TeV [72].
5 Conclusions
We find that although the most recent LHC limits on Higgs properties and on direct pro-
duction of SUSY particles impose strong constraints on the model, neutralino LSPs as light
as 15 GeV can be compatible with all data. These scenarios require light staus below about
100 GeV and light charginos below about 200 GeV. They will be further probed at the LHC
at 13–14 TeV through searches for sleptons and electroweak-inos, as well as through a more
precise determination of the Higgs couplings. Moreover, improving the spin-independent di-
rect detection limits by an order of magnitude will cover the whole range of χ˜01 masses below
≈ 35 GeV.
Note added
While this Letter was in preparation, Ref. [34] appeared with very similar conclusions as the
ones reached here. While Ref. [34] features a better implementation of the limits from multi-tau
plus EmissT searches, based on a reinterpretation of the ATLAS results [41], it does not include
or discuss implications for the Higgs sector. Another difference is that we consider a wider
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range of MSSM scenarios; in particular we include the possibility of light selectrons/smuons as
well as of light winos.
Moreover, just prior to publication, another paper [35] discussing the possibility of light
neutralinos appeared. This work is complementary to ours as it concentrates on light neutralinos
almost degenerate with light sbottoms which we do not consider.
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